The role photochemical reactions in the early Earth's atmosphere played in the prebiotic synthesis of simple organic molecules was examined. We have extended an earlier calculation of formaldehyde production rates to more reduced carbon species, such as methanol, methane, and acetaldehyde. We have simulated the experimental results of Bar-Nun and Chang (1983) 
INTRODUCTION
The composition of the Earth's atmosphere prior to the origins of life, and the possible role that the atmosphere may have played in the production of simple organic molecules, have long been the subject of intense debate. Numerous experiments have been designed to simulate the atmospheric chemistry of various assumed compositions for a variety of energy sources. Garrison et al. [1951] had used a composition reflecting the oxidation state of modern volcanic gases (today, carbon and nitrogen are present mainly as CO2 and CO and as N2, respectively). Miller [1953] , in his experiments, simulated lightning discharges in an atmosphere in which carbon and nitrogen were present as methane and ammonia, respectively, and found a much wider range of organic compounds, including amino acids. The needed reducing atmosphere would have been possible if volcanic gases were allowed to equilibrate with native iron in the upper mantle.
Once the Earth's core and mantle had differentiated, however, iron and other siderophiles would have been sequestered in the core, and the redox state of volcanic gases should have been much closer to what is observed today.
Stevenson [1983] suggested that differentiation was an ongoing process occurring during the accretion of the earth from planetesimals. The accretionary phase of the Earth's history probably lasted for a time of the order of 105 years, certainly no more than 5 x 10 s years. During the early stages of accretion, degassed volatiles were probably more reducing than afterward, because of equilibration of the gases with iron in infalling meteorites [Ringwood, 1979] The present work will be composed of a numerical simulation of the experimental results of Bar-Nun and Chang and a modeling study of the chemistry of the prebiotic Earth. The modeling study will address the relevance of the experimental results for the prebiotic Earth and the reactions that might have been important for the production of simple organic molecules in the atmosphere. The present study will extend our earlier modeling efforts (Pinto et al., [1980] ; hereafter referred to as paper 1) to include new reactions for the reduction of formaldehyde to methanol and methane. Because of uncertainties in the abundance of major constituents, such as CO2 and H2, the calculations will be performed for a wide range of H2 and CO• concentrations. Note that (R69) is the dominant source of CHsO in our simulation, the contribution from (R67a) being negligible. 
ANALYSIS OF EXPERIMENTAL RESULTS

Bar
In other words, UV photons catalyzed the attainment of equilibrium of the water gas reaction in the reaction vessel. Holland [1984] imposed limits on the rate of input of hydrogen to the early atmosphere of 1.9 x 109 to 1.9 x 10 x3 (H atom equivalents cm -2 s -•). The lower bound was set by using the mean release rate for volcanic gases over geologic time, along with the observed H2 to H•O ratio in modern volcanic gases. The upper bound was set by the use of rare gas data which suggest that the maximum rate of release of volcanic gases was 100 times the mean value and by assuming a more reducing composition for the gases than at present. Actual values were probably closer to the upper limit during the first few hundred million years of Earth history. Values then declined substantially before the deposition of the earliest known sedimentary rocks about 3.8 billion years ago [Holland, 1984] .
The mixing ratio of H2 in the atmosphere would have been controlled by the balance between surface inputs and exospheric escape. We have assumed for the sake of simplicity that reducing power was injected into the atmosphere in Table 2 . The rainout rates of H2CO, as summarized in Table 3 , are all sizeable fractions of the estimated volcanic inputs of H2 and CO2 approximately 4 billion years ago, especially for the higher CO2 cases. The rainout rate of H202 is small at low levels of CO2 atmospheric concentration. However, at higher CO2 levels this rate is large, and in some cases it is comparable to that of H2CO, as shown in Table 3 .
It is possible that CO2 levels during the Archean were even higher than those shown in Tables 2 and 3 Tables 2 and 3 
SUMMARY AND CONCLUSIONS
We have constructed models for the chemistry of the prebiotic Earth's atmosphere in an attempt to understand the role of the atmosphere in the production of simple organic molecules. We have used the experimental results of BarNun and Chang [1983] , both as a guide and a test of the photochemical scheme. We have been able to simulate the abundances of the major molecules observed by Bar-Nun and Chang [1983] in their reaction vessel to better than a factor of 2 except for formaldehyde. Our calculated yields of organic molecules more reducing than formaldehyde are systematically too low by about a factor of 2. However, it appears that their ratios to each other are correct. There are several possible explanations for this effect, including heterogeneous catalysis or an error in the values used for the rate coefficients of (R67) and (R69). However, we feel that the results are sufficiently close. In such a complex experiment agreement within a factor of 2 or 3 is hardly expected because of combined uncertainties in rate coefficient 
